Numerous and controversial reports on the effect of wetting agents on the efficiency of germicidal substances have appeared in the literature. Most recently, Gershenfeld and Witlin (1941) reported testing the effect of thirty-nine surface tension depressants on twenty-eight antiseptic solutions using Staphylococcus aureus as test organism. Although no specific data were published showin the effect of the presence of the surface tension depressants, these workers reported: "The results in all instances did not reveal different findings in the bactericidal efficiencies of the antiseptics to which the depressants had been added." In a subsequent paper, Gershenfeld and Perlstein (1941) reported that a synthetic wetting agent, the dioctyl ester of sodium sulfosuccinate (Aerosol OT) enhanced the germicidal efficiencies of such substances as phenol, merthiolate, hexyl resorcinol and mercuric chloride. Their data show this to be true in solutions in which the pH was unadjusted, as well as in solutions ranging from pH 4 to pH 7 when the pH of each solution was adjusted with HCl and NaOH. In this connection it is of interest to note that Aerosol OT was included in the series of wetting agents tested by Gershenfeld and Witlin (1941).
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Ordal, Wilson and Borg (1941) studied the effect of several soaps and a synthetic wetting agent, sodium lauryl sulfonate, on the germicidal action of phenolic compounds in moderately alkaline solutions in which the pH was rigidly controlled by buffer systems. The germicidal action of phenol, thymol, o-phenyl phenol and 2-chloro-o-phenyl phenolwas shown to decrease with increase in alkalinity. The addition of wetting agents to buffered solutions of phenolic compounds at a given pH was shown to increase the germicidal activity of such solutions. By testing solutions at several pH values, evidence was obtained that the wetting agents enhanced the germicidal action of undissociated phenols rather than that of the phenolates. Clear cut evidence in regard to this point was not obtained because of the toxicity of the hydroxyl ions in the solutions in which phenolate ions predominated.
The data of Ordal, Wilson and Borg (1941) showed clearly that the addition of wetting agents to solutions of phenols at a fixed pH resulted in an increase in the germicidal effect of such solutions. Under these circumstances the solutions compared were constant in respect to the concentrations of undissociated phenols and phenolate ions. On the other hand, the data in the literature show that the addition of wetting agents to unbuffered solutions of phenols may increase or may decrease the germicidal action of such solutions. There are several possible explanations of these results. The addition of an alkaline solution of a wetting agent, such as a soap, to an unbuffered solution of a phenol will in general result in an increase in ionization of the phenol with a resultant decrease in germicidal activity of the phenol. This may be compensated for in several ways. The wetting agent may possess independent germicidal powers which may compensate for the loss in the germicidal power of the phenol due to ionization. On the other hand, the wetting agent may enhance the germicidal action of the phenolic species present. In particular, the wetting agent may increase the germicidal powers of the remaining undissociated phenol, or may increase the germicidal powers of phenolate ions and thus compensate for the effects of ionization. One or all of these effects may be involved, and therefore the resultant germicidal powers of the mixture may be greater or less than that of the original phenol, depending upon the magnitude of these effects and upon the characteristics and proportions of the phenols and wetting agents present.
In the present investigation further information was sought concerning the effect of wetting agents on the germicidal action of phenolic compounds. In particular, an effort was made to determine whether the increase in germicidal action of a solution of a phenol by the addition of a wetting agent could be attributed to enhancement of the germicidal activity of undissociated phenol, or to enhancement of the germicidal activity of phenolate.
As a preliminary step, the germicidal effects of o-chlorophenol, 2,4-dichlorophenol and 2,4,6-trichlorophenol were determined in moderately acid and alkaline solutions at 250C (Ordal 1941) . Comparison of-the acid and alkaline solutions showed that the undissociated phenolic compounds were far more germicidal than their phenolates, though the phenolates were not without toxicity. It was possible to compare the germicidal strength of undissociated 2,4,6-trichlorophenol with that of its phenolate without any considerable interference by hydrogen ions or hydroxyl ions. The undissociated 2,4,6-trichlorophenol was found to be approximately one hundred times more germicidal than its phenolate.
Two of these compounds, 2,4,6-trichlorophenol and 2,4-dichlorophenol, both stronger acids than simple phenol, were selected as suitable for this investigation. The acid dissociation constant of phenol is 1.06 X 1010 at 250C (International Critical Tables, 1929) while the pK' values for 2,4-dichlorophenol and 2,4, 6-trichlorophenol are 7.7 and 6.2 respectively at 250C (Krahl and Clowes, 1938 mined with glass electrodes using a Leeds and Northrup K2 potentiometer and a Leeds and Northrup thermionic amplifier. In the alkaline solutions corrections were made for sodium ion concentrations. Phosphate buffers were used at pH 6.0 and pH 7.7 and a carbonate buffer at pH 9.7. The final concentration of buffer in the test solutions was M/60 in respect to phosphate ions or carbonate ions.
In the germicidal tests, 1 ml. of a broth culture of Staphylococcus aureus, filtered through cotton, was added to 49 ml. of solution to be tested in a 125 ml. Erlenmeyer flask held in a water bath at 250C. After ten minutes exposure, a sample was withdrawn and plated. Serial dilutions were made in orders of ten, using measured quantities of sterile M/60 phosphate buffer at pH 7.2 as dilution media. Three or five plates were made from each dilution. All experiments were performed at 250C and incubation was at 37°C for forty-eight hours. The number of surviving organisms was estimated by counting plates showing colonies in the range of 30 to 300, averaging and multiplying by the appropriate dilution factor.
EXPERIMENTAL RESULTS
Preliminary experiments were performed to determine the most suitable concentrations of the phenols. A final concentration of 0.025 per cent was selected for 2,4,6-trichlorophenol and a concentration of 0.163 per cent was selected for 2,4-dichlorophenol. Germicidal tests were performed in solutions at pH 6.0, pH 7.7 and pH 9.7. Table 1 shows the proportions of the phenols which were present in the undissociated form in these solutions. the synergistic effect has nearly disappeared at pH 7.7 and at pH 9.7 the solutions with phenol and wetting agents are no more effective than the solutions with wetting agents alone.
ACTION OF WEITING AGENTS ON MICRO6RGANISMS
The preceding experiments indicated that the enhancement of germicidal action of a phenol is due to a synergistic effect between the wetting agent and the undissociated phenol, rather than between the wetting agent and the phenolate ion. 2,4,6-trichlorophenol was selected for these experiments in order to escape the effect of high hydroxyl ion concentrations in the solutions in which phenolate ions predominated. However, the data show that the wetting agents themselves exerted a definite germicidal effect at pH 6.0 and at pH 9.7, but were relatively inactive at pH 7.7. It seemed desirable to determine the extent of the synergistic effect between wetting agents and undissociated phenol in solutions in which the germicidal action which could be ascribed directly to the wetting agents was near a minimum. For this purpose 2,4-dichlorophenol was selected. Table 1 shows that at pH 7.7, 50 per cent of this phenol is undissociated, while at pH 9.7 only I per cent remains in the undissociated form. (Suter 1941) . It is also important to recognize that substituted phenols may have acid strengths widely different from that of simple phenol (Karrer 1938) .
Soaps are soluble salts of strong bases and weak acids. As a result, they hydrolyse in aqueous solution and show an alkaline reaction. When an attempt is made to neutralize or acidify the soap solution by addition of an acid, part of the free fatty acid will separate from the solution because of the relatively low solubility of the fatty acid from which the soap is made.
It has been common practice to add strong soaps, or soaps with added alkali, to emulsify phenolic compounds of limited solubility (McCulloch 1936) . The decrease in germicidal efficiency of the phenolic compounds due to partial conversion to phenolate ions may or may not be compensated for by the germicidal activity of the soap and by the enhancement of the germicidal action of the remaining undissociated phenols (Ordal, Wilson and Borg 1941) . The resultant germicidal efficiency of a mixture of a soap and a phenolic compound will be determined by the strength of the phenolic compound as an acid, by the alkalinity of the soap and by the relative proportions of soap and phenol used. The procedure customarily used becomes inefficient when the pH of the mixture is such that appreciable amounts of the phenolic compounds are present as phenolate ions. Under these circumstances neither the maximum germicidal effects of the phenolic compounds nor the full synergistic effects of the soaps on the phenols are obtained.
The synthetic wetting agents used in this report possessed a relatively high degree of purity, and were used in buffered solutions. Commercially available synthetic wetting agents, however, are often far from pure and sometimes contain a considerable amount of free alkali. The addition of wetting agents of such a character to unbuffered solutions of phenols would, therefore, produce an effect similar to that obtained by addition of alkaline soaps. It is likely that much of the discrepancy between the results reported in this paper and those of Gershenfeld and Witlin (1941) are due to their failure to consider the alkalinity of the wetting agents employed.
Modern synthetic wetting agents such as those used in this report are soluble in acid as well as alkaline solutions. They are consequently free from one of the disadvantages inherent in soaps, namely lack of solubility in acid solution. When synthetic wetting agents are used with phenolic compounds, it is therefore possible to adjust the pH by addition of acid or buffer systems so that the phenols may be present in the undissociated form. Under these circumstances not only will the phenols exert their maximum germicidal effect, but also, as shown in this paper, the full synergistic effect of wetting agents and undissociated phenols will be obtained.
